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Description 

Field of the Invention 

5 The present invention relates to a heating apparatus which is capable of sensing, by means of a vapor 

sensor, the state of gas or vapor generated from a heated substance in accordance with the state of heating, 
so as to automatically determine the timing of completion of heating of the substance, thereby optimizing the 
heating operation. 

10 Description of the Related Art 

A known heating apparatus for heating a material in a heating chamber has a sensor capable of sensing 
a change in the state of steam generated from the heated material. In this known heating apparatus, air is in- 
ducted from the heating chamber and is then returned into the heating chamber through a return air passage. 
15 The sensor is disposed in this return air passage. 

This type of heating apparatus is disclosed, for example, in Japanese Patent Unexamined Publication Nos. 
59-1 91 813 and 58-1 2701 7. In the apparatus disclosed in these publications, a sensor is provided, rather than 
an exhaust passage for ventilating the heating chamber, in a return passage through which air that has been 
extracted from the heating chamber through an extracting passage is returned to the heating chamber. Ac- 
20 cording to this arrangement, the steam gas generated from the heated material is sensed substantially in the 
same heated state as that of the heated material without being cooled. This arrangement however, has a risk 
of creating a sensing error. * 

Namely, if the position of the opening of the return passage opening to the heating chamber is not precisely * 
determined in relation to the opening for inducing the air from the heating chamber to the outside, the steam 
25 gas generated by the heated material is undesirably mixed with the chilled air from an air supply opening before 
the steam gas is introduced into the heating chamber from the return passage, resulting in that the temperature 
of the steam gas is lowered to impede the automatic control of the heating operation. 

Problems are encountered even when the opening of the return passage is precisely located. The steam 
gas is recycled between the heating chamber and the return passage. In the beginning period of generation 
30 of the steam gas, the sensing of the steam gas by the sensor is conducted relatively easily because the con- 
centration of the steam gas is increased. However, when the quantity of the steam gas is being decreased 
due to stopping of heating or when the heating has been suspended to prepare for the next heating cycle, de- 
tection of the change in the state of heating tends to be delay due to stagnation of the steam gas. 

J P-A-55 150434 describes a heating apparatus with two exhaust passages and a temperature sensor in 
35 one of the passages. 

According to the present invention there is provided a heating apparatus for automatically heating a ma- 
terial in accordance with data derived from a steam sensor for sensing steam generated from the heated ma- 
terial, said apparatus comprising: a heating chamber in which said material to be heated is disposed; an air 
supplying opening through which air is supplied by an air supplying means into said heating chamber and a 
40 first exhaust opening through which air is discharged to the outside of said heating chamber; characterised in 
that the apparatus includes a second exhaust opening through which the steam generated from said heated 
material can be fed to said steam sensor, said second exhaust opening being positioned in a level above the 
level of said first exhaust opening, and wherein said steam sensor is disposed in an air passage for a flow of 
air generated by said air supplying means, said air passage having a portion at which the cross-sectional area 
45 of said passage is substantially increased so that said passage serves as suction means, said air passage 
serving as the suction means being connected to said second exhaust opening. 

Heating apparatus in accordance with the present invention can effectively prevent the steam gas from 
being diluted or cooled by the air supplied into the heating chamber and can quickly sense any increase or 
decrease in the account of steam gas caused by a change in the state of heating of the heated material, thus 
50 enabling sensing the state of the heating of the heated material, thus enabling sensing the state of the heated 
material without delay, thereby realising good finish of the heated material such as foodstuff. 

The steam from the heating material before entering the second exhaust opening is not mixed with cold 
air flowing from the air supply opening to the first exhaust opening, so that the temperature of the heated ma- 
terial can be sensed without delay by the steam sensor. Stagnation of the steam in the steam sensor is pre- 
ss vented because the steam sensor is provided in communication with the second exhaust opening unlike the 
known heating apparatus in which the steam sensor is provided in the return passage, so that the sensor can 
sense any change in the state of heating without delay. 

The invention will be described now by way of example only, with particular reference to the accompanying 
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drawings. In the drawings: 

Fig. 1 is an enlarged front elevational view of an embodiment of the automatic heating apparatus of the 
present invention; 

Fig. 2 is an exploded perspective view of the embodiment shown in Fig. 2; 
5 Fig. 3 is a block diagram showing components of the embodiment shown in Fig. 1; 

Figs. 4a to 4c are charts showing a change in a steam sensor signal in relation to time as observed in the 
embodiment shown in Fig. 1; 

Fig. 5 is a flow chart of showing the operation of the embodiment shown in Fig. 1 ; 
Fig. 6 is a sectional view of a part used in the embodiment shown in Fig. 1; 
10 Fig, 7 is a perspective view of the whole of the embodiment shown in Fig. 1 ; 

Fig. 8 is an enlarged sectional view of an embodiment of the present invention; 

Fig. 9 is an enlarged sectional view of another embodiment of the present invention; and 

Figs. 10 to 12 are enlarged front sectional views of different embodiments. 

15 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Referring to Fig. 1 , an embodiment of the heating apparatus in accordance with the present invention has 
a heating chamber 1 which is opened at its front side. A door 11 is attached to the front side of the apparatus 
to open and dose the heating chamber 1. An air supply opening 2 is formed in a wall of the heating chamber 

20 1 which is on the right-hand side as viewed in Fig. 1, at an upper portion of this wall near the door 11. Afirst 
exhaust opening 3 is formed in a wall of the heating chamber 1 which is on the left-hand side as viewed in ^ 
Fig. 1 , at a lower portion of this wall near the door 11 . A second exhaust opening 4 is formed in a top wall of * 
the heating chamber substantially at the center of the top wall. Thus, the second exhaust opening 4 is disposed * 
at a level above the levels of the air supply opening 2 and the first exhaust opening 3. The first exhaust opening 

25 3 has an area greater than that of the second exhaust opening 4. The first exhaust opening 3 is disposed at 
a level below that of the air supply opening 2. The second exhaust opening 4 can be disposed at the same 
level as that of the air supply opening 2. The air supplied through the air supply opening 2 flows along a wall 
of the heating chamber and along a window 12 and is then deflected at the juncture between this wall and 
the next wall so as to flow along the next wall. This flow of air is discharged to the outside of the heating cham- 

30 ber through the first exhaust opening 3. The second exhaust opening 4 is formed in a wall surface of the heating 
chamber which is not reached by the above-mentioned flow of air and which opposes the wall along which 
the above-mentioned flow of air is formed, or in the top wall of the heating chamber as illustrated. 

Referring to Fig. 2, the door 11 and a control panel 10 of the apparatus have been removed to show the 
internal structure, in particular the first exhaust opening 3. Steam gas generated form the heated material en- 

35 ters the second exhaust opening 4 and is guided by a second exhaust guide 14, a vent pipe 1 5, a first exhaust 
guide 16 (refer to Fig. 3) and a second exhaust guide 17, so as to be discharged to the exterior after making 
contact with a heat-sensitive surface of the steam sensor. The supply of air through the air supply opening 2 
is effected by a cooling blower 18 as air supply means which is disposed behind a room in which electrical 
components are disposed. The air induced by the blower 18 cools a high-voltage transformer 19 and a mag- 

40 netron 5 as heating means and is guided to the air supply opening 2 of the heating chamber 1 via heat-radiating 
fins of the magnetron 5. 

Fig. 3 is a schematic sectional block diagram illustrating the operations of the components, shown in Fig. 
2, of the apparatus which is shown in a cross-sectional view. A turntable 21 for mounting a heated material 9 
is provided in the center of the heating chamber 1 . The magnetron 5 as heating means, which heats the material 

45 9 by being supplied with a high-frequency electric power, as well as a lamp 22 for illuminating the material 9, 
are provided on a wall of the heating chamber 1. The turntable 21 mounting the material 9 is rotated by a turn- 
table motor 23 the operation of which is controlled by the output signal from a driving means 24. The turn table 
21 is rotated during heating of the material 9. The high-voltage transformer 19 for supplying high voltage to 
the magnetron 5 also is controlled by the output signal from the drive means 24. Thus, the magnetron 5 as 

so the heating means is indirectly controlled by the driving means 24. The cooling fan motor 18 also is controlled 
by the output signal from the driving means 24 so as to supply air for cooling the magnetron 5, the lamp 22 
and the high-voltage transformer 19. The air introduced into the heating chamber 1 serves also as conveying 
means for conveying the steam gas generated from the heated material to the outside of the apparatus. The 
high-voltage transformer 19, the cooling blower 18 and the turntable motor 23 are controlled by the driving 

55 means 24 which in turn is controlled by control signals delivered from a control unit 6. 

An orifice member 25 provided in the vicinity of the cooling blower 18 is adapted to control the flow rate 
and direction of the air blown by the blower 18. 

The air supplied by the blower 18 into the heating chamber 1 carries the steam gas generated from the 
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heated material 9. Two separate exhaust passages are available for this air. That is, a first exhaust passage 
extends from the first exhaust opening 3 to a first discharge opening 27 via a first exhaust guide 26, and a 
second exhaust passage extends from the second exhaust opening 4 to a second discharge opening 28 via 
the second exhaust guide 14, the vent pipe 15, the first exhaust guide 16 and the second exhaust guide 17. 
5 A pyroelectric steam sensor 7 is disposed such that its heat-sensitive surface is exposed to the second exhaust 
passage. 

Thus, the steam gas from the heated material 9 is sucked and discharged also from the second exhaust 
opening 4 to the second exhaust opening 28. A part of cold and dry air blown from the cooling blower 18 and 
restricted by the orifice member 25, vigorously flows into the second exhaust passage through a small orifice 

10 formed in the second exhaust guide 17 adjacent to the heat-sensitive surface of the steam sensor 7 provided 
on the inner wall surface of the second exhaust guide 17. That is, the cold air fed through the orifice member 
25 and the orifice in the second exhaust guide 17 flows by way of the heat-sensitive surface port of the steam 
sensor 7 where the cross-sectional area of the flow passage is increased. This cold air, relieved into the second 
exhaust passage having the increased cross-sectional area, is discharged to the outside of the apparatus via 

15 the second exhaust guide 17 and the discharge opening 28. This vigorous flow of air causes the pressure of 
air on the heat- sensitive surface of the steam sensor 7 to be reduced to a level lower than that of the air pres- 
sure in the heating chamber 1 , resulting in a sucking of the steam in the heating chamber 1 to the steam sensor 
7. Thus, the second exhaust passage is provided with a sucking means which includes a small orifice port 
across which the cross-sectional area of the passage for the cold and dry air from the cooling blower 18 is 

20 largely changed to generate a reduced pressure on the heat-sensitive surface of the steam sensor 7. The pas- 
sage leading from the second exhaust opening 4 is connected to the region where the above-mentioned large ^ 
change in the cross-sectional area of air passage occurs. Thus, the air from the passage which serves as the I 
sucking means and the steam from the passage leading from the second exhaust opening 4 are mixed together ' 
and the mixed gas is discharged to the outside of the apparatus through the second discharge opening 28 

25 after making contact with the heat-sensitive surface of the steam sensor 7. 

Explanation will be briefly made of pyroelectricity. When a dielectric member the surface of which has been 
charged due to internal polarization is irradiated with a heat carried by light infrared radiation, a steam gas 
or the like, the internal polarization of the dielectric member is extinguished by an instantaneous change in 
the temperature of the dielectric member so that charges remain only on the surface of the dielectric member. 

30 This condition gives the pyroelectricity. It is possible to utilize the charges remaining on the surface by con- 
necting this dielectric member to an electrical circuit This type of element is generally referred to as "pyro- 
electric element". Thus, a pyroelectric element produces a signal voltage only when a change in the temper- 
ature has taken place. When the temperature of the pyroelectric element is raised almost to the same level 
as the temperature of the steam gas, the steam gas no more causes a temperature change of the pyroelectric 

35 element, so that any change in the state of the heated material 9 cannot be detected any more. 

The steam sensor 7 used in this embodiment incorporates a pyroelectric element. When heat possessed 
by the steam gas generated from the heated material 9 is transmitted to the heat-sensitive surface, a rapid 
temperature rise is caused in a portion of the element so that a thermal impact is given to the element to cause 
a disturbance in the polarized equilibrium state in the element, thereby creating an abrupt change in the vol- 

40 tage, i.e., a voltage pulse, on the surface of the element. This pulse signal also is produced when the heat- 
sensitive surface which has been heated is quickly cooled due to making contact with the cold air. In this case, 
however, the polarity of the voltage pulse is inverse to that of the voltage pulse generated when the pyroelectric 
element is heated. 

The sensing signal from the steam sensor 7 is delivered to a sensor signal processing means 29. The sen- 
45 sor signal processing means 29 includes a low-pass filter circuit, a high-pass filter circuit and a signal voltage 
amplifier circuit which process the sensor signal to produce pulse signals which are delivered to the control 
unit 6. 

The control unit 6 operates in accordance with input signals delivered from a keyboard of the control panel 
10 so as to deliver a display output to the control panel 10 and output signals to the driving means 24 thereby 

50 operating the magnetron 5 to heat the material 9 and rotating the turntable 21 . 

When a sensor signal from the steam sensor 7 is delivered to the control unit 6 through the sensor signal 
processing means 29, a content discriminated by first discrimination means 30 within a first predetermined 
time after the start of heating is recorded in a first recording means 31 . A threshold selecting means 34 in the 
control unit 6 has a storage table and computing formulae for selecting a plurality of threshold values in ac- 

55 cordance with a content recorded in the first recording means 31. A second discrimination means 32 of the 
control unit 6 discriminates the sensor signal which is delivered from the sensor signal processing means 29 
when the first predetermined time has elapsed after the start of heating so as to confirm the signal voltage 
and to measure the quantity of the signal. Asecond recording means 33 in the control unit 6 records the sensing 
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signal voltage and the quantity of the signals discriminated and confirmed by the second discrimination means 
32. 

In the control unit 6, the sensing signal voltage and the quantity of the sensing signal recorded in the sec- 
ond recording means are compared with threshold values which are selected by the threshold selecting means 

5 34 in accordance with the content of the sensor signal from the first recording means 31, thus evaluating the 
state of heating of the heated material 9. The control unit 6 then determines whether the heating is to be con- 
tinued or a heating is to be stopped followed by display of termination of heating, and produces a control signal 
indicating whether the heating is to be continued or stopped. 

Fig. 4a shows how the level of the sensor signal from the steam sensor 7 is changed in relation to time. 

10 More specifically, the axis of ordinate represents the level of the sensing voltage signal while the axis of ab- 
scissa represents the time elapsed. Within a first predetermined time between a moment T t and a moment 
T 2 , the first discrimination means 30 reads the maximum value Dm of the sensor output level as a sensing 
signal level. This value Dm is recorded in the recording means 31. The threshold selection means 34 then se- 
lects one from a plurality of threshold values in accordance with the value Dm recorded in the first recording 

15 means 31 . These threshold values are selected, for example, in accordance with one of the conditions 1 and 
2 shown in the following Table I. 

TABLE I 

20 

Condition 1 Condition 2 

First recorded content Threshold Threshold 
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In this table, A, B, C, a, b, c and d represent constants. 
Explanation will be made of the condition 1. 

According to the condition 1, three constants A, B and C are added to Dm as threshold-setting constants. 

35 A sensing time ^ for sensing the steam gas from the heated material 9 is determined as a result of setting of 
the threshold values. Figs. 4a, 4b and 4c show, respectively, to the cases where the total sensitivity of the 
apparatus is low, medium and high. It will be seen that the fluctuation of the sensing time U is very small, de- 
spite of a large fluctuation of the sensitivity of the apparatus. In Figs. 4(b) and 4(c), tdi and t^ indicate the sens- 
ing time when the same constant is added to the first recorded content Dm despite of a larger fluctuation in 

40 the sensitivity of the apparatus. It will be seen that these sensing times t d1 and \& are largely offset from the 
sensing time td shown in Fig. 4(a). Thus, when the same sensing method as that applied to the case where 
the sensitivity is low, i.e., the condition of Fig. 4(a), is applied to the cases where the sensitivity is medium 
and high, i.e., to the cases shown in Figs. 4(b) and 4(c), the sensing time is shortened as indicated by t^ and 
td 2 , respectively, with the result that the heating time for heating the material 9 is shortened. Thus, upon ap- 

45 plication of the same sensing procedure, the sensing time is shortened when the sensitivity is high as com- 
pared with the case where the sensitivity is low, with the result that the time for heating the material 9 is short- 
ened. 

The second discrimination means 32 discriminates whether the level of the sensing signal has reached 
any one of the plurality of threshold values set by the threshold selecting means 34. Namely, in a period after 

so the moment T 2 , the second discrimination means 32 measures the number of the sensor signals which have 
exceeded the threshold level and this number is recorded in the second recording means. The moment at which 
the number recorded in the second recording means has reached a value which is greater than a predeter- 
mined number, e.g., 5, of pulse signals is recorded as the time td as the time when the signal derived from the 
steam indicates that the material 9 has been heated to a moderate state. 

55 The sensing time t^, which is determined by the state of heating of the material 9, is thus obtained. This 

means that the material 9 has been adequately heated by the time t^ so that the heating may be stopped with- 
out any risk of imperfect heating. Taking into account any fluctuation of, for example, the mass of the material 
9, however, it is preferred that the heating is continued for a while, considering that the time ^ is the time at 
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which the generation of steam has just commenced. It is therefore preferred to set an additional heating time 
which is determined by multiplying the time t^ with a suitable constant. 

Fig. 5 is a flow chart of a heating operation performed by the illustrated embodiment. The process is com- 
menced by setting the material 9 in the heating chamber 1 and inputting a heating start instruction through 
the keyboard after selection of a heating menu. 

In Step (a), a control signal is issued from the control unit 6 so that the drive of the magnetron 5, the trans- 
former 19, the cooling blower 18 and the turntable motor 23 are activated through the driving means 24. In 
Step (b), the control unit 6 starts counting the heating time T. In Step (c), the process is held on until the time 
T reaches a predetermined time T v In Step (d), a maximum value Dmax of the sensor signal from the steam 
sensor 7 is determined as the representative signal level Dm, In Step (e), the representative level Dm is stored 
in the first recording means 31. The steps (d) and (e) are executed repeatedly until the first predetermined 
time is over. In Step (g), one of the threshold selecting conditions, e.g., Dm + B, is selected by the threshold 
selecting means 34 in accordance with the representative value Dm of the steam sensor signal. In Step (h), 
when the first predetermined time is over, the second discrimination means 32 discriminates the value D of 
the sensor signal level and the number N of the signals. In Step (i), the sensor signal level D and the number 
N of the signals are recorded in the second recording means 33. The steps (h) and (i) are repeated until Step 
0) determines that the sensor signal level D has reached the signal level selected by the threshold selecting 
means 34. In Step (k), Steps (h), (i) and (j) are repeatedly executed until the number N of the signals exceeding 
the threshold level reaches 5 (five). In Step (1), the time is recorded as the time for sensing a change in the 
sensor signal indicative of the moderately heated state of the object 9. In Step (m), additional heating is con- 
ducted for a period determined by multiplying the time td with the factor a, and the heating is then completed. 

Adescription will now be given of the steam sensor 7 with specific reference to Figs. 6 to 7. The pyroelectric 
element produces a signal voltage due to a disturbance of equilibrium of the internal polarization state caused 
by an abrupt change in temperature, as explained before. A certain type of pyroelectric elements also has pie- 
zoelectric characteristics. The pyroelectric element used in the invention may be a piezoelectric ceramic ele- 
ment such as a piezoelectric buzzer or a supersonic vibrator. 

Referring to Fig. 6, silver-type electrodes 36 are printed on both sides of a disk-shaped ceramic piezo- 
electric element which serves as the pyroelectric element 35. Leads 37 are soldered to these electrodes. The 
pyroelectric element 35 is bonded to a metallic plate 39 by an adhesive 40. The element 35 is coated with a 
resin film 41 so that the charge portion of the element 35 may not be exposed. 

A description will be now given of the manner of flow of the air in the region around the steam sensor 7 
and the cooling blower 18. 

A vent pipe 15 communicating with the second exhaust opening 4 of the heating chamber 1 is coupled to 
the straight portion of the first exhaust guide 16 and the cooling blower 18 for cooling the electric components 
such as the high-voltage transformer 19 induces external air and blows the same to the region around the 
orifice plate 25. Thus, the cold air induced from the outside of the apparatus moves in contact with the pyro- 
electric element of the steam sensor 7 so as to cooi the same. The orifice plate 25 defines a restricted passage 
42 which leads to a passage 43 of a large cross-sectional area. Thus, the air flowing through the air passages 
experiences a large change in the cross-sectional area. The passage 43 of the greater cross-sectional area 
is connected to a passage having a further greater cross-sectional area which leads to the second discharge 
opening 28 in the outer surface of the apparatus. 

The cold airfrom the cooling blower 1 8 is compelled to flow through the passage 42 of the smaller diameter 
and then rushes into the passage 43 of the greater cross- sectional area so as to flow therethrough at a uniform 
velocity. The air then reaches the second discharge opening 28 while slightly reducing its energy and is dis- 
charged to the outside of the apparatus. The static pressure in the passage 42 of the smaller diameter is re- 
duced because of the high velocity of the air flowing therethrough. The region where the static pressure is 
reduced is connected to the straight portion of the first exhaust guide 16 leading from the second discharge 
opening 4 of the heating chamber 1, so that the steam gas generated from the material 9 is quickly induced 
from the heating chamber to the region where the static pressure has been lowered to a level below that in 
the heating chamber 1 . The steam sensor 7 is disposed in the vicinity of the region of the passage 43 having 
the greater cross-sectional area to which the steam gas is induced, so that the steam sensor 7 is capable of 
sensing any change in the condition of the steam gas caused by a change in the state of heating of the material 
9. It is thus possible to obtain a heating apparatus having excellent response characteristics. 

Fig. 9 shows a modification in which a vigorous flow of cold air is introduced from the passage 42 of the 
smaller cross-sectional area into the second exhaust passage of a greater cross-sectional area so that a re- 
duced pressure is generated to such the steam gas. In this modification, the element of the steam sensor 7 
is disposed at a position where the airflows at a high velocity. In the arrangement shown in Fig. 7, the steam 
sensor 7 is cooled by the external air induced by the blower 18. In the arrangement shown in Fig. 8, however, 
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the steam sensor 7 is disposed in the stream of air of high velocity so that the cooling effect is enhanced. 
Figs. 10 to 12 show different embodiments of the invention. 

The embodiment shown in Fig. 10 is discriminated from the preceding embodiments in that the first exhaust 
opening 3 is formed in the left wall of the heating chamber 1 at an upper portion of this wall adjacent to the 

5 door. Thus, the second exhaust opening 4 is provided at a level above the levels of the first exhaust opening 
3 and the air supply opening 2. The first exhaust opening 3 has an area greater than t hat of the second exhaust 
opening 4. The air supplied through the air supply opening 2 flows along a wall of the heating chamber and 
along a window 1 2 and is then deflected at the juncture between this wall and the next wail so as to flow along 
the next wall. This flow of air is discharged to the outside of the heating chamber through the first exhaust 

10 opening 3. The second exhaust opening 4 is formed in a side wall of the heating chamber which is not reached 
by the above-mentioned flow of air and which opposes the wail along which the above-mentioned flow of air 
is formed, or in the top waJI of the heating chamber. 

The embodiment shown in Fig. 11 is different from the preceding embodiment in that the first exhaust open- 
ing 3 is formed in the left side wall of the heating chamber at a lower portion remote from the door. Thus, the 

15 second exhaust opening 4 is provided at a level above the levels of the first exhaust opening 3 and the air 
supply opening 2. The first exhaust opening 3 has an area greater than that of the second exhaust opening 
4. The first exhaust opening 3 is disposed at a level below that of the air supply opening 2 t while the second 
exhaust opening 4 is disposed at the same level as or above the air supply opening 2. The air supplied through 
the air supply opening 2 flows along a wall of the heating chamber and along a window 12 and is then deflected 

20 at the juncture between this wall and the next wall so as to flow along the next wall. This flow of air is discharged 
to the outside of the heating chamber through the first exhaust opening 3. The second exhaust opening 4 is ^ 
formed in a side wall of the heating chamber which is not reached by the above-mentioned flow of air and I 
which opposes the wall along which the above-mentioned flow of air is formed, or in the top wall of the heating k 
chamber. 

25 The embodiment shown in Fig. 12 is discriminated from the preceding embodiments in that the first exhaust 

opening 3 is formed in the left side wall of the heating chamber at an upper portion of this wall remote from 
the door, while the second exhaust opening 4 is formed in the top wall of the heating chamber at a right portion 
of this top wall remote from the door. According to this arrangement, the second exhaust opening 4 is disposed 
at a level above the levels of the air supply opening 2 and the first exhaust opening 3. The first exhaust opening 

30 3 is disposed at a level below that of the air supply opening 2, while the second exhaust opening 4 is disposed 
at the same level as or above the air supply opening 2. The air supplied through the air supply opening 2 flows 
along a wall of the heating chamber and along a window 12 and is then deflected at the juncture between this 
wall and the next wall so as to flow along the next wail. This flow of air is discharged to the outside of the 
heating chamber through the first exhaust opening 3. The second exhaust opening 4 is formed in a side wall 

35 of the heating chamber which is not reached by the above-mentioned flow of air and which opposes the wall 
along which the above-mentioned flow of air is formed, or in the top wall of the heating chamber. 

Referring to Figs. 1, 10, 11 and 12, since the area of the first exhaust opening 3 is greater than that of 
the second exhaust opening 4, the most portion of the air supplied by the air supply opening 2 is discharged 
through the first exhaust opening 3 which has the greater cross-sectional area and, hence, which provides a 

40 smaller resistance than the second exhaust opening 4. Thus, the air supplied from the air supply opening 2 
stays in the heating chamber only for a short time. This means that the diluting effect produced by the air for 
diluting the steam gas, as well as the cooling effect for cooling the steam gas by the air, is conveniently reduced 
to preserve the temperature of the steam gas reaching the steam sensor 7 through the second exhaust open- 
ing 4, whereby the state of heating of the heated material 9 can be sensed accurately. This enables the control 

45 unit 6 to effect heating control for optimizing the state of control of the heated state of the material 9. 

The first exhaust opening 3 and the second exhaust opening 4 are at different levels in the heating cham- 
ber. The air supplied from the air supply opening 2 is directed towards the first exhaust opening 3 as explained 
above but a small portion of the air which is not received by the first exhaust opening 3 forms a vortex flow 
around the first exhaust opening 3. This vortex flow of air around the first exhaust opening 3 can hardly reach 

50 the second exhaust opening 4. This means that the diluting effect produced by the air for diluting the steam 
gas around the second exhaust opening, and as the cooling effect for cooling the steam gas by the air, are 
conveniently reduced to preserve the temperature of the steam gas reaching the steam sensor 7 through the 
second exhaust opening 4, whereby the state of heating of the heated material 9 can be sensed accurately. 
This enables the control unit 6 to effect a heating control for optimizing the state of control of the heated state 

55 of the material 9. 

When the material 9 placed in the heating chamber 1 is heated in such a case that the second exhaust 
opening 4 would be fully closed, most of the air supplied through the air supply opening 2 is directed towards 
the first exhaust opening 3. A portion of air which was not received by the first exhaust opening 3 forms a vortex 
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flow around the first exhaust opening 3. This vortex flow of air, together with the steam gas generated from 
the heated material 9, moves at a velocity smaller than that of the flow of the exhaust air towards a region 
where the air moving velocity is still lower, i.e., a region where the air is considered to stagnate. The second 
exhaust opening 4 is disposed in this region where the air is considered to stagnate. This region is, for example, 
positioned at a level above half the height of the heating chamber. Therefore, the steam gas generated from 
the heated material 9 can quickly reach the region around the second exhaust opening 4. The state of heating 
of the material 9, therefore, can be sensed by the steam sensor quickly so that the control unit 6 performs a 
control to realize an optimum heating condition of the material 9, 

Referring to Fig. 3, the distance between the second exhaust opening 4 and the cooling blower 18 is small- 
er than the distance between the first exhaust opening 3 and the cooling blower 18. The steam sensor 7 is 
disposed in the vicinity of the cooling blower 18 so as to be cooled by the latter. The time required for causing 
the steam gas generated from the material 9 to reach the steam sensor 7 is decreased as the distance between 
the second exhaust opening 4 and the steam sensor 7 is decreased, so that the delay of the detection of heated 
state of the material 9 can be decreased correspondingly. Thus, the reduced distance between the second 
exhaust opening 4 and the cooling blower 18 means that the sensing of the heated state of the material 9 can 
be quickened. Since the most part of the air in the heating chamber 1 is concentrated to the region around 
the first exhaust opening 3, a comparatively high temperature is developed in this region. If this local region 
of higher temperature is located in the vicinity of the sensor which is sensitive to radiant heat, e.g., the steam 
sensor used in the invention, the sensing of steam temperature is hindered by the noise caused by such a 
heat radiation source. It is therefore desirable that the region where a higher temperature is developed is lo- 
cated at a position remote from the steam sensor 7. Locating the first exhaust opening 3 at a position remote 
from the steam sensor 7 is equivalent to locating the first exhaust opening 3 apart from the cooling blower 1 8. 
The interruption of the steam gas flowing from the heated material 9 towards the second exhaust opening 4 
by the flow of cold air flowing from the air supply opening 3 towards the first exhaust opening 2 can be reduced 
by increasing and decreasing, respectively, the distance between the first exhaust opening 3 and the cooling 
blower 18 and the distance between the cooling blower 18 and the second exhaust opening 4. Such an ar- 
rangement enables a quick detection of the state of heating of the material 9 by the steam sensor 7, so that 
the control unit 6 can effect a heating control to optimumly heat the material 9. 



Claims 

1. A heating apparatus for automatically heating a material in accordance with data derived from a steam 
sensor (7) for sensing steam generated from the heated material, said apparatus comprising: a heating 
chamber (1) in which said material to be heated is disposed; an air supplying opening (2) through which 
air is supplied by an air supplying means (18) into said heating chamber (1); and a first exhaust opening 
(3) through which air is discharged to the outside of said heating chamber (1); characterised in that the 
apparatus includes a second exhaust opening (4) through which the steam generated from said heated 
material can be fed to said steam sensor (7), said second exhaust opening (4) being positioned in a level 
above the level of said first exhaust opening (3), and wherein said steam sensor (7) is disposed in an air 
passage (17) for a flow of air generated by said air supplying means (1 8), said air passage having a portion 
at which the cross-sectional area of said passage is substantially increased so that said passage serves 
as suction means, said air passage serving as the suction means being connected to said second exhaust 
opening (4). 

2. A heating apparatus according to claim 1 , wherein said first exhaust opening (3) has an area greater than 
that of said second exhaust opening (4). 

3. A heating apparatus according to claim 1 or claim 2, wherein the steam sensor (7) includes a pyroelectric 
element which is capable of producing a signal voltage. 

4. A heating apparatus according to any preceding claim, wherein a portion of the flow of air formed by said 
air supplying means (2) is directly introduced into said air passage. 

5. A heating apparatus according to claim 4, wherein the steam is mixed with cold air supplied through said 
air passage by said air supplying means (18), at a region of a reduced pressure formed by said cold air 
and thus mixed air makes contact with a heat-sensitive surface of said steam sensor (7). 
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6. A heating apparatus according to claim 5, wherein said air supplying means (18) cools a portion of said 
steam sensor (7) other than said heat- sensitive surface. 

7. A heating apparatus according to claim 1, wherein said first exhaust opening (3) is disposed at a level 
below said air supply opening (2) and said second exhaust opening (4) is disposed at the same level as 
or above said air supply opening (2). 

8. A heating apparatus according to claim 1, including a window (12) for enabling visual observation of the 
state inside said heating chamber (1); and wherein the air supplied into said heating chamber (1) through 
said air supply opening (2) is made to form a main air flow which flows along at least said window (12) 
and then discharged through said first exhaust opening (3); and wherein said second exhaust opening 
(4) is formed in a region of a wall of said heating chamber (1) which is not reached by said main flow of 
air and which opposes the wall along which said main flow of air flows, or in the top wall of said heating 
chamber (1 ). 

Patentanspruche 

1 . Heizgerat zum automatischen Heizen eines Materials entsprechend von einem Dampfsensor (7) zum Er- 
fassen von dem aufgeheizten Material erzeugten Dampfs abgeleiteten Daten, wobei das Gerat umfa&t: 
eine Heizkammer (1 ), in der das auf zuheizende Material angeordnet ist; eine Luftzufuhroffnung (2), durch 
die Luf t mittels einer Luftzufuhreinrichting (1 8) in die Heizkammer (1) eingefuhrt wird; und eine erste Aus- 
la&6ffnung (3), durch die Luft nach aufcerhalb der Heizkammer (1) herausgefuhrt wird; dadurch gekenn- 
zeichnet daB das Gerat eine zweite AuslaOoffnung (4) aufweist durch die der von dem aufgeheitzten Ma- 
terial erzeugte Dampf dem Dampfsensor (7) zugefuhrt werden kann, wobei die zweite Ausla&offnung (4) 
in einer Hone oberhalb der Hone der ersten Ausla&offnung (3) angeordnet ist und wobei der Dampfsensor 
(7) in einem Luftkanal (17) fur eine von der Luftzufuhreinrichtung (18) erzeugte Luftstromung angeordnet 
ist, wobei der Luftkanal einen Abschnitt aufweist, and dem die Querschnittsf lache des Kanals wesentlich 
vergroRert ist so dad der Kanal als Saugeinrichtung dient wobei derals Saugeinrichtung dienende Luft- 
kanal mit der zweiten Ausla&offnung (4) verbunden ist. 

2. Heizgerat nach Anspruch 1 . bei dem die erste Ausla&6ffnung (3) eine groGere Flache als die zweite Aus- 
lafcoffnung (4) hat. 

3. Heizgerat nach Anspruch 1 oder 2, bei dem der Dampfsensor (7) ein pyroelektrisches Element beinhaltet, 
35 das eine Signalspannung erzeugen kann. 

4. Heizgerat nach einem der vorangehenden Anspruche, bei dem ein Teil der von der Luftzufuhreinrichtung 
(2) erzeugten Luftstromung direkt in den Luftkanal eingefuhrt wird. 

40 5. Heizgerat nach Anspruch 4, bei dem der Dampf mit von der Luftzufuhreinrichtung (1 8) durch den Luftkanal 
zugefuhrterkalterLuft gemischtwird, und zwarin einem Bereich von derkalten Luft erzeugten reduzierten 
Drucks, und so gemischte Luft mit einer warmeempfindlichen Oberf lache des Dampfsensors (7) in Kon- 
takt komrnt 
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Heizgerat nach Anspruch 5, bei dem die Luftzufuhreinrichtung (18) einen von der Warmeempfindlichen 
Oberflache unterschiedlichen Bereich des Dampfsensors (7) kuhlt. 

Heizgerat nach Anspruch 1, bet dem die erste Ausla&dffnung (3) in einer Hone unterhalb der Luftzufuhr- 
offnung (2) angeordnet ist und die zweite Ausla&offnung (4) in derselben Hone wie die Luftzufuhroffnung 
(2) oder daruber angeordnet ist. 

Heizgerat nach Anspruch 1, beeinhaltend ein Fenster (12), urn die visuelle Beobachtung des Zustandes 
innerhalb der Heizkammer (1) zu ermoglichen; und bei der die durch die Luftzufuhrdffnung (2) in die Heiz- 
kammer (1) etngespeiste Luft dazu veranla&t wird, eine entlang zumindest dem Fenster (12) stromende 
und dann durch die erste Ausla&offnung (3) herausgefuhrte Haupt luftstromung darzustellen; und bei dem 
die zweite Ausla&offnung (4) in einem Bereich der Wand der Heizkammer (1), die nicht von der Haupt- 
luftstromung erreicht wird und die derjenigen Wand gegenuberliegt, entlang welcher die Haupt luftstro- 
mung stromt, oder in der Decke der Heizkammer (1) ausgebildet ist 



9 



EP 0 394 009 B1 



Revendications 

1 . Appareil de chauffage pour chauffer automatiquement une matiere d'apres des donnees fournies par un 
detecteur de vapeur (7) qui detecte la vapeur produite par la matiere chauffee, cet appareil comprenant: 

5 une chambre de chauffage (1 ) dans laquelle est placee ladite matiere a chauffer, une ouverture d'arrivee 

d'air (2) a travers laquelle de I'air est introduit dans ladite chambre de chauffage (1) par des moyens d'alt- 
mentation en air (1 8); et une premiere ouverture d'echappement (3) par laquelle de I'air est evacue a I'ex- 
terieur de ladite chambre de chauffage (1); caracterise en ce que I'appareil comporte une second e ou- 
verture d'echappement (4) par laquelle la vapeur produite par ladite matiere chauffee peut etre envoyee 

10 audit detecteur de vapeur (7), ladite seconde ouverture d'echappement (4) etant situee a un niveau su- 

perieur au niveau de ladite premiere ouverture d'echappement (3), et en ce que ledit detecteur de vapeur 
(7) est dispose dans un passage d'air (17) pour un courant d'air cree par lesdits moyens d'alimentation 
en air (18), ledit passage d'air presentant une partie ou I'aire de la section de ce passage est nettement 
augmentee, de sorte que ledit passage serve de moyens d'aspiration, ledit passage d'air servant de 

15 moyens d'aspiration etant en communication avec ladite seconde ouverture d'echappement (4). 

2. Appareil de chauffage selon la revendication 1 , dans lequet ladite premiere ouverture d'echappement (3) 
a une aire plus grande que celle de ladite seconde ouverture d'echappement (4). 

^ 3. Appareil de chauffage selon la revendication 1 ou 2, dans lequel le detecteur de vapeur (7) contient un 
element pyroelectrique qui est capable de produire un signal de tension. 

*■ 

4. Appareil de chauffage selon Tune quelconque des revendications 1 a 3, dans lequel une partie du courant , 
d'air cree par lesdits moyens d'alimentation en air (2) est introduce directement dans ledit passage d'air. 

25 5. Appareil de chauffage selon la revendication 4, dans lequel la vapeur est melangee a de I'air froid envoye 
a travers ledit passage d'air par lesdits moyens d'alimentation en air (18), dans une region de pression 
reduite creee par cet air froid, de I'air melange entrant ainsi en contact avec une surface thermosensible 
dud it detecteur de vapeur (7). 

30 6. Appareil de chauffage selon la revendication 5, dans lequel lesdits moyens d'alimentation en air (18) re- 
froidissent une partie dudit detecteur de vapeur (7) autre que ladite surface thermosensible. 

7. Appareil de chauffage selon la revendication 1 , dans lequel ladite premiere ouverture d'echappement (3) 
est disposee a un niveau inferieur a celui de ladite ouverture d'arrivee d'air (2), et ladite seconde ouverture 

35 d'echappement (4) est disposee au meme niveau que ladite ouverture d'arrivee d'air (2) ou au-dessus 

de celle-ci. 

8. Appareil de chauffage selon la revendication 1 f comportant une fenetre (1 2) pour permettre ('observation 
visuelle de I'etat a I'interieur de ladite chambre de chauffage (1); dans lequel I'air introduit dans ladite 

40 chambre de chauffage (1) par ladite ouverture d'arrivee d'air (2) est amene a former un courant d'air prin- 

cipal qui s'ecoule au moins le long de ladite fenetre (12), puis est evacue par ladite premiere ouverture 
d'echappement (3); et dans lequel ladite seconde ouverture d'echappement (4) est formee dans une re- 
gion d'une paroi de ladite chambre de chauffage (1) qui n'est pas atteinte par ledit courant d'air principal 
et qui est opposee a la paroi le long de laquelle passe ledit courant d'air principal, ou dans la paroi supe- 

45 rieure de ladite chambre de chauffage (1). 
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FIG. I 
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FIG. 3 
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